Colonization by Group B Streptococcus (GBS) is highly prevalent among pregnant women, with prevalence rates ranging between 4% and 30%. The infection may be transmitted vertically and may result in serious neonatal consequences. In the period from November 2003 to May 2004, a cross-sectional study was carried out among 316 parturients at the Jundiaí Teaching Hospital to establish the prevalence of genital GBS colonization, to identify the factors associated with colonization and the characteristic phenotypes of these streptococci. Samples from rectal and vaginal areas were collected for selective culture in Todd-Hewitt broth. Susceptibility to 7 antimicrobial agents was tested using the antibiotic diffusion disk technique, and the isolated strains were classified using specific antisera. The prevalence of GBS colonization was 14.6%. No strain was resistant to penicillin, ampicillin, erythromycin or nitrofurantoin. The majority of strains were sensitive to cephalothin. Greatest resistance was to gentamicin (76.1%), followed by clindamycin (17.4%). The most frequent serotype was Ib (23.9%), followed by serotypes II and Ia (19.6% and 17.4%, respectively). There was no correlation between serotype and greater antimicrobial resistance. In conclusion, the prevalence of GBS in parturients was high and penicillin continues to be the drug of choice for intrapartum prophylaxis. The most frequent serotype (Ib) found in this study differs from those found in the majority of studies carried out in other countries, revealing the need to identify prevalent serotypes in each region so that specific vaccines can be designed.
Worldwide, colonization by Group B Streptococcus (GBS) is highly prevalent among pregnant women, varying between 4% and 30% [1] [2] [3] . In Brazil, there are few publications on this subject, and some authors have found a GBS isolation rate of 4-25% among Brazilian parturients [4] [5] [6] [7] [8] [9] [10] . Rates of colonization may vary greatly according to the sample collection site, the culture medium used, the ethnic group, geographical location, immunological factors and the age of the population investigated [11] [12] [13] .
With the objective of reducing neonatal morbidity and mortality due to GBS, different countries have implemented strategies of intrapartum prophylactic antibiotic therapy, resulting in a significant decrease in the incidence of neonatal infection from 2.7 to 0.4 per 1,000 live births [14] [15] [16] [17] . Penicillin is recommended for intrapartum prophylaxis, with ampicillin as an alternative [14] . In patients with a history of allergy to penicillin and at high risk for anaphylaxis, clindamycin or erythromycin have been recommended as the drugs of choice [14, 18] . However, prevention and treatment strategies have not yet been adopted in Brazil to reduce the incidence of neonatal infection by GBS [6, 19] .
Antimicrobial susceptibility and serological classification, i.e. serotyping, have been cited as the principal phenotypical characteristics of GBS [20] . With respect to antimicrobial susceptibility, studies have shown that most cases present no resistance of GBS to penicillin [21, 22] . On the other hand, resistance to other antibiotics has been frequently described [23, 24] . It should be emphasized that resistance to an antimicrobial agent increases over time, differs between serotypes and varies according to geographical location, which leads to the conclusion that the choice of the best antimicrobial agent should be guided by the pattern of antibiotic resistance observed in each geographical region [22] .
In addition to chemoprophylaxis, immunoprophylaxis has also been suggested for the prevention of GBS infection [25] and to make the development of a vaccine possible, knowledge of the most important serotypes in the region in question is vital [5] . Eleven serotypes have been described according to the capsular polysaccharide antigen, of which the serotypes most frequently found have been serotypes I and II [26, 27] .
The objective of this study was to evaluate the prevalence of vaginal and rectal GBS colonization in parturients, to identify factors associated with this colonization and to describe the phenotypical characteristics of these streptococci (antimicrobial susceptibility and serotyping).
Materials and Methods
This is a cross-sectional study involving 316 parturients admitted to the Jundiaí Teaching Hospital between November 11, 2003 and May 14, 2004 . Sample size was estimated considering a prevalence of 4% to 20%, a sample error of 3.8% and a confidence interval of 95%. The study was approved by the IRB of the State University of Campinas, Brazil (UNICAMP), and all participants signed an informed consent form prior to admission. Exclusion criteria comprised: use of antimicrobial medication in the 2 weeks prior to admission, and being at a very advanced stage of labor with delivery imminent, making it impossible to carry out the laboratory tests required by the protocol. Data regarding risk factors were obtained from the routine hospital records or directly from the patients and transcribed onto the form specifically designed for the study.
At the time of the admission exam and prior to carrying out any perineal antisepsis, samples from the lower vagina and rectum (through the anal sphincter) were collected using 2 sterile swabs. Both swabs were immediately placed in selective enrichment broth (Todd-Hewitt) and sent to the Laboratory of Microbiology.
At the laboratory, samples were incubated for 24 hours at 37 o C in a 5% CO 2 atmosphere. Colonies of beta-hemolytic streptococci and Gram-positive diplococci were plated onto blood agar and incubated for 16 to 18 hours, after which they were identified by the negative catalase test process. After obtaining a purified GBS culture, identified both by the presence of hemolysis and negative catalase, colonization was further confirmed by 2 confirmatory tests: the CAMP test and the positive latex agglutination test. Next, samples were stored at -70 o C for further determination of serotype and antibiotic susceptibility.
Each isolated GBS strain was tested with 7 different antimicrobial agents. Susceptibility to various antimicrobial agents was tested using the antibiotic disk diffusion technique according to the technique described by the National Committee for Clinical Laboratory Standards [28] . The antibiotics tested were: 10 µg of ampicillin, 10 units of penicillin, 15 µg of erythromycin, 2 µg of clindamycin, 30 µg of cephalothin, 10 µg of gentamicin and 300 µg of nitrofurantoin. Each strain had its susceptibility classified as sensitive, intermediate or resistant to each one of these antibiotics.
For serotype identification, the antisera were developed and prepared by inoculating rabbits, according to a previously published method [29] . The GBS strains were classified as one of the serotypes (Ia, Ib, II, III, IV, V) according to their response to the respective antisera. In the case of a lack of response to any of the sera tested, that strain was considered to have an unidentified serotype.
Initially all the variables were studied descriptively by calculating absolute and relative frequencies. To study the association between the categorical variables and the response variable, prevalence ratio was used with a confidence interval of 95% (CI 95%). The prevalence ratios with respect to each variable were adjusted according to the others, using Breslow-Cox's regression model. The program used was the SAS® software program, version 8.2.
Results
Of the 316 parturients included in this study, 46 (14.6%) were found to be colonized by GBS. The site from which GBS was most frequently isolated was the vagina. Of the total number of positive cultures, 37 derived from the lower vagina, resulting in an accuracy rate for this site of 80.4%. Nine parturients whose vaginal cultures were negative were actually positive for colonization, as confirmed by their anorectal samples. This would have resulted in an error of 19.6% if only vaginal cultures had been considered. With respect to the rectal site, 26 culture samples were negative for material collected from this site, although samples from the vaginal site of these subjects were positive. The accuracy rate for the rectal site was only 43.5% and the error rate was 56.5%.
Mean age of the women was 24.3 years (SD=6.3) and no woman reported having had more than 1 sexual partner in the previous 6 months. The majority were white (59.2%), married or in a stable relationship (83.5%), had at least 8 years of schooling (57.6%) and lived in urban areas (85.8%). With respect to the obstetric characteristics, the mean gestational age was 38.3 weeks (SD=3.3), 43.3% were primiparous, 20.3% had premature rupture of membranes and 7.3% had intrapartum fever (axilar temperature ≥ 37.8°C). There were no statistically significant differences between colonized and non-colonized women (Table 1) .
Using the presence of at least 1 risk factor used in the present study (i. e. maternal age < 19 years; not white; not married; ≤ 8 years at school; residence in rural area; gestational age < 37 weeks; primigravida; premature rupture of membranes; intrapartum fever) as a predictor of maternal colonization resulted in poor performance. This approach revealed that 83% of cases were false positives and 13% were false negatives, resulting in an accuracy rate of 60% ( Table 2) .
The antimicrobial susceptibility of the 46 GBS samples is shown in Figure 1 . No strain was resistant to penicillin, ampicillin, erythromycin or nitrofurantoin. Eight strains (17.4%) were found to be resistant to clindamycin, 1 (2.2%) to cephalothin, and 35 (76.1%) to gentamicin. Intermediate sensitivity to penicillin and erythromycin was found in 17.4%, to ampicillin in 13%, to gentamicin in 6.5%, to cephalothin in 15.2% and to nitrofurantoin in 2.2% of the cases.
Forty-two strains (91.3%) presented resistance to at least 1 of the antimicrobial agents tested, the majority to gentamicin. Of the 35 gentamicin-resistant strains, 34 were resistant only to gentamicin, and, likewise, of the 8 clindamycin-resistant strains, 6 were resistant only to clindamycin. Of the 35 cases resistant to gentamicin, one was also resistant to clindamycin. Of the 8 cases resistant to clindamycin, only 1 was also resistant to cephalothin. Only 4 strains presented no resistance to any one of the 7 antimicrobial agents tested (data not presented).
Seven different serotypes of GBS were identified in the study and the most frequent was serotype Ib. Of the 46 strains, 24% belonged to serotype Ib, 19% to serotype II, and 17% to serotype Ia. One parturient was harboring more than 1 
Discussion
The prevalence of GBS colonization was 14.6% in the present study. Rates of GBS colonization varies greatly around Characteristics of GBS in Parturients the world, ranging from 4% to 30% with a mean of 18% [30] . In Brazil, there are few studies about the GBS colonization during gestation and they also reported prevalence ranging from 4% to 28% [4, 6, 10, 11] . Rates of colonization vary according to the origin of the sample, the characteristics of the studied population and the laboratory procedures carried out on the samples [5, 31] . Double-sampling (vaginal and rectal) greatly increases the prevalence rate of GBS colonization [10, 11, 31] . This study also showed that when only rectal samples are collected, 56.5% of colonized parturients fail to be identified. The vaginal site presented the highest rate of isolation and this data is in agreement with reports from previous studies [3, 5, 10] . Nevertheless, if only vaginal samples are used, we would fail to diagnose colonization in around 20% of pregnant women. Therefore, the best guidance is still double-sampling, which may be carried out using the same swab, for economical reasons. Care, however, has to be taken to always collect samples from the vaginal region prior to collect from the rectum. Therefore, when requesting laboratory exams for GBS testing, physicians should clarify that double-sampling (vaginal and rectum) should be carried out.
No risk factor was shown to be associated with greater GBS colonization in the present study. The possible risk factors for GBS colonization have been reported in several studies, the largest being the Vaginal Infections and Prematurity Study Group, which also demonstrated that none of the variables studied permitted identification of any group of women more likely of being colonized and that selective screening is, therefore, inefficient [32] . Managing the risk factors, although simple and inexpensive to perform, has a low predictive value and results in a high unwarranted use of antibiotics.
Our data confirm this statement since at least 1 risk factor was present in 39% of the parturients in this study. The accuracy of risk factors in predicting the need for intrapartum prophylaxis was only 60%. Moreover, the number of falsepositive cases was 83%, which would lead to a high rate of unnecessary antibiotic use and a consequent increase in the risk of developing bacterial resistance. It is therefore crucial to investigate maternal GBS colonization status so that prophylaxis for neonatal infection will be carried out only when it is really necessary.
The prophylaxis currently recommended for optimal prevention of neonatal disease is the intrapartum use of antibiotics only in women known to be colonized by GBS. Penicillin is the first-choice drug, while ampicillin is an alternative and, in cases of history of allergy to penicillin and at high risk for anaphylaxis, clindamycin and erythromycin are recommended [14] . This strategy has been shown to be efficient in reducing neonatal septicemia by GBS [33] and for this reason, it is important to study the GBS resistance profile in the population.
Sensitivity to penicillin has undergone no significant changes in 2 decades and all the strains tested up to the present time have been shown to be sensitive to this antimicrobial agent [21, 22] . Some authors have described intermediate susceptibility but not resistance of some strains to penicillin [23, 24] . In the present study, we found no resistance to penicillin, ampicillin, erythromycin or nitrofurantoin. Our failure to find any resistance to erythromycin is not shared by the majority of other publications, whose authors have reported significant rates of resistance to erythromycin and therefore question the CDC recommendation of its utilization as an alternative in cases of allergy to penicillin [21, 24, 34, 35] .
Since high sensitivity was also found to nitrofurantoin (97.8%), this antimicrobial agent may be the drug of choice in cases of urinary tract infections (UTI) caused by GBS in pregnant women. Because UTIs caused by GBS and E. coli may be associated with an increase in the prevalence of premature delivery and premature membrane rupture, treatment of UTIs is essential. The fact that a recent Brazilian study found an association between maternal GBS colonization and the presence of urinary tract infection reinforces the importance of this suggestion [11] .
With respect to resistance to clindamycin, the findings of this study are similar to those found in the literature, in which resistance rates of 4% to 19% have been reported [24, 34, 35] . Since clindamycin is another alternative recommended by the CDC for pregnant women who are allergic to penicillin, the high rates of resistance underline the need of carrying out a sensitivity test at least in those with allergy to penicillin. In addition, the adoption of cephalothin would appear to be a good option in sites where the sensitivity test is not available since 82.6% of GBS strains were sensitive to cephalothin in the present study.
The most frequent serotypes found were Ib, II, and Ia (61%). Although serotype III was the most common in the majority of studies, this serotype comprised only 4.3% of the total GBS strains isolated in the present study. Data regarding GBS serotypes in Brazil are limited. In Florianopolis, the most frequent serotypes were II/Ic (Iac+II) and III [5] while in Rio de Janeiro serotypes Ib and Iac were the most prevalent [29] . Further investigations involving a larger number of isolates are required to confirm our results related to GBS serotypes in our population.
Nevertheless, the fact that no correlation was observed between serotypes and greatest microbial resistance showed that identifying the serotype is not clinically useful and is not necessary for chemoprophylaxis. It will be important only for the future development of vaccines. Studies with vaccines are in progress but are not a viable short-term option [36] .
In conclusion, the results of this study justify the importance of implementing prophylactic strategies since a high prevalence of GBS colonization was found and no risk factors were found that could be useful in identifying colonized pregnant women. These results suggest that specific cultures for the identification of GBS colonization should be carried out in all pregnant women since a positive cost-effectiveness of this action has already been demonstrated in other studies [11, 37, 38] .
The lack of data regarding the true dimension of this problem, which results in the dramatic consequences of neonatal GBS infection, makes it even more serious. The responsability and involvement of the obstetricians in this question is increasing, principally because the situation is preventable. The data from this study, which characterizes the dimension of the problem in the population studied, emphasize the need to elaborate and adopt the most appropriate prophylactic strategies for our population.
